Background. The objectives of this study were to estimate the incidence and evaluate risk factors for development of minocycline-induced cutaneous hyperpigmentation in patients with orthopedic infections.
Cutaneous hyperpigmentation is a recognized adverse effect of chronic minocycline therapy and was first reported in the 1970s in isolated cases [1] . Since then, minocycline-induced cutaneous hyperpigmentation has been reported with increasing frequency likely due to widespread use of minocycline for the treatment of acne [1, 2] .
Studies on the use of minocycline in patients with acne and rosacea have reported a cumulative incidence of hyperpigmentation from 2.4% to 28%, respectively [3, 4] . In a cohort of patients with rheumatoid arthritis receiving minocycline for at least 3 months, the cumulative incidence of skin hyperpigmentation was 41% [5] . A subsequent study found a cumulative incidence of 36% associated with the use of at least 1 month of minocycline therapy [6] .
Minocycline-induced cutaneous hyperpigmentation is not associated with adverse clinical effects, and it is mostly cosmetic in nature [7, 8] . Predisposing factors for hyperpigmentation in patients with long-term minocycline use remain unclear. Prior studies have suggested an association with higher doses in acne patients [4] and increased age in rheumatoid arthritis patients [6] . One small study found no correlation with skin fairness, eye color, or hair color in a rheumatoid arthritis cohort [5] . To our knowledge, there are no published reports on the incidence and risk factors for minocycline-induced cutaneous hyperpigmentation in patients with orthopedic infections.
The purpose of this large cohort study was to assess the incidence of minocycline-induced cutaneous hyperpigmentation in patients with orthopedics infections and to evaluate potential risk factors for its development. Determining the risk associated with chronic minocycline use will be useful to patients and healthcare providers alike and may influence the choice of chronic antimicrobial suppression therapy in patients with orthopedic infections.
METHODS
Patients seen at Mayo Clinic (Rochester, MN) between 1 January 2002 and 31 December 2011 with prosthetic joint infections or nonhardware-associated chronic musculoskeletal infections and receiving long-term minocycline therapy were included in this study. Eligible patients were identified through a search of the Mayo electronic medical records, medication prescribing records, and medication reconciliation records. Inclusion criteria included prescription of minocycline for an orthopedic infection, defined as a hardware or nonhardware-associated musculoskeletal infection diagnosed by an attending physician (typically an orthopedic infectious diseases specialist), and long-term minocycline suppression, defined as daily minocycline use for a minimum of 3 consecutive months. Exclusion criteria included patients younger than 18 years of age, minocycline prescription for a nonorthopedic indication, incomplete follow-up in the electronic medical record system, and lack of patient consent for review of records.
All relevant Mayo Clinic records were reviewed. Patients' demographics, medical and surgical comorbidities, type of orthopedic infection, and microbiologic data were recorded. Patient follow-up was recorded until the date last known to be alive as of December 15, 2013 .
The initial date of minocycline-induced cutaneous hyperpigmentation was considered the date when skin findings related to minocycline per provider's opinion first occurred, based on patient reported history or the date at which skin findings were first reported in the medical record. The time to development of minocycline-induced cutaneous hyperpigmentation was calculated from the date of minocycline initiation. Minocycline-induced cutaneous hyperpigmentation was classified according to the types as described in the literature [9] or marked as unknown if it was unspecified in the medical record. Specifically, Type I included blue-black pigmentation confined to sites of scarring or prior inflammation; Type II included blue-gray pigmentation of normal skin; and Type III included diffuse, muddy brown pigmentation of normal skin, accentuated in sun-exposed areas ( Figure 1 ) [9] . Type II hyperpigmentation reactions were further characterized by the locations in which they appeared. The total time on minocycline and the total cumulative dosage before the initial date of hyperpigmentation were calculated, taking into account dosing adjustments and treatment discontinuities up until the last known dosage.
Dermatologic considerations, including previous drugrelated hyperpigmentation, use of other medications that are known to cause hyperpigmentation, activities with significant ultraviolet light exposure during minocycline therapy or evidence of sun-damaged skin, occupational exposure to sun, and smoking history were specifically evaluated as risk factors, in addition to the orthopedic indication, associated microbiology, minocycline dosing scheme, and demographic characteristics. Clinical considerations such as comorbidities present before development of hyperpigmentation and medications in use before development of hyperpigmentation were also abstracted for risk analysis.
Statistical analyses were performed in JMP version 10.0.0, including Kaplan-Meier estimates for time to hyperpigmentation and Cox proportional hazards modeling for risk factor assessment. This study was approved by the Mayo Clinic Institutional Review Board.
RESULTS
Two hundred ninety-one patients (51% male, 96% Caucasian, mean age 65.7 years at minocycline initiation) were included in this cohort ( Table 1 ). The most common underlying orthopedic infections for which minocycline was prescribed were knee (32%), hip (29%), or vertebral (20%) infection with retained hardware. The most common bacterial pathogens were methicillin-resistant Staphylococcus epidermidis (46%), methicillin-resistant Staphylococcus aureus (23%), and methicillinsensitive S epidermidis (12%).
The majority of patients (278 of 291, 96%) were prescribed an initial dosing schedule of 100 mg twice daily. Ten patients were on an initial schedule of 50 mg twice daily, 2 on 25 mg twice daily, and 1 on 150 mg twice daily. Dosing was adjusted during the treatment course in <10% of patients. Patients who developed minocycline-induced cutaneous hyperpigmentation had a mean cumulative dosage of 107.3 g (range, 8.6-657 g) and mean suppression time of 1.5 years (range, 0.1-9 years) before development of hyperpigmentation. Patients who did not develop hyperpigmentation had a mean cumulative dosage of 174.8 g (range, 7.25-7185 g) over a total mean suppression time of 1.8 years (range, 0.25-11.5 years).
Overall, 54% of patients (49% male, 98% Caucasian, mean age 69.8 years at minocycline initiation) developed minocycline-induced cutaneous hyperpigmentation with suppressive therapy over a mean follow-up time of 4.8 years (range, 0.3-13.2 years). The highest rate of hyperpigmentation occurred within the first 500 days after initiating long-term minocycline therapy, during which 42.8% of patients developed hyperpigmentation ( Figure 2 ). Type II hyperpigmentation was the most common type, occurring in 89% of patients with minocycline-induced cutaneous hyperpigmentation I ( Table 2 ). The type of minocycline-induced cutaneous hyperpigmentation was not documented in 6.4% of patients, whereas 28% of patients presented with more than 1 type of hyperpigmentation, typically Types I and II combined.
Of the 156 patients with Type II, minocycline-induced cutaneous hyperpigmentation appeared most commonly in the lower extremities (75%), upper extremities (44%), and face (38%). Patients also presented with noncutaneous staining of the teeth (4.4%), nails (3.6%), and sclera (2.9%). Fifty-six percent of patients with minocycline-induced cutaneous hyperpigmentation opted to continue minocycline, whereas 44% eventually discontinued therapy. Of these patients who discontinued minocycline due to hyperpigmentation, 24% had no improvement in the cutaneous discoloration over a mean follow-up of 1.3 years (range, 20 days-3.2 years), 15% had improvement, typically noted as "fading" or "faintly residual," over a mean follow-up of 1.2 years (range, 28 days-2 years), whereas 60% had an unknown outcome due to incomplete reporting in the medical record. Complete resolution was reported in only 1 patient after 1.3 years of discontinuing minocycline. Forty percent of patients explicitly expressed concern or distress to their provider regarding the development of hyperpigmentation.
Factors associated with developing minocycline-induced cutaneous hyperpigmentation are outlined in Table 3 . In total, 113 medications or medication groupings by pharmacologic mechanism and 91 comorbidities were identified across the cohort and evaluated as potential risk factors in addition to the factors specifically mentioned in the Methods section. Notable risk factors include a history of vitamin D deficiency (relative risk [RR], 6.29; 95% confidence interval [CI] 1.91-15.27; P = .0052), presence of a shoulder prosthesis (RR, 3.2; 95% CI, 1.23-6.56; P = .0062), noncirrhotic liver pathology (RR, 3.63; 95% CI, 1.11-8.75; P = .0359), and use of a concurrent medication also known to cause hyperpigmentation (RR, 4.75; 95% CI, 1.83-10.1; P = .0029).
There was no association with age, sex, region of residence, smoking status, occupational exposure to sun, evidence or history of significant recreational UV exposure, and dosing scheme.
The relapse rate while on long-term minocycline suppression was 12%, with 5.7% of these patients experiencing at least 1 subsequent relapse episode. The median time to first relapse was 0.9 years. Relapses were most common in patients with knee prostheses (46%), with methicillin-resistant S epidermidis as the most common organism involved (51%). The reinfection rate was 7.6%, with 13.6% of these patients experiencing at least 1 subsequent reinfection episode. The median time to first reinfection was 1.3 years. Reinfections were most common in patients with hip prostheses (36%), with methicillin-sensitive S epidermidis (18%), methicillin-resistant S epidermidis (14%), vancomycin-sensitive Enterococcus (14%), and Streptococcus (14%) as the most common organisms involved.
DISCUSSION
This is the first study to report on the incidence of minocyclineinduced hyperpigmentation in patients with orthopedic infections receiving chronic long-term minocycline. In this study, more than half of patients developed minocycline-induced hyperpigmentation over a mean follow-up of 4.8 years.
The risk of minocycline-induced hyperpigmentation was not significantly increased with higher minocycline dosage. The lack of dose effect is discordant with an earlier study in patients with acne, in which patients on 200 mg daily (4%) were statistically more likely to develop hyperpigmentation compared with those on alternating 100/200 mg daily doses (1.1%) or 100 mg daily (0.4%) [4] . However, our study did find a significantly decreased risk of hyperpigmentation among patients who experienced a decrease in minocycline dosing during their treatment course, which supports the influence of dosing in developing hyperpigmentation. Hyperpigmentation appears to be relatively uncommon in younger patients with acne, where minocycline is routinely prescribed as 100 mg daily [4] compared with the typical 200 mg daily in this orthopedic infection population, and in a small study performed in patients with immunobullous cutaneous disease receiving mostly 200 mg daily of minocycline, the incidence of minocycline-induced hyperpigmentation was 78%; similar to our orthopedic cohort.
The duration of therapy may play a greater role in explaining the difference in incidence of hyperpigmentation between patients with acne versus orthopedic infections. The clinical effect of oral antibiotic therapy on acne typically takes 4-8 weeks [10] . Therefore, a 2-month trial is generally used to assess therapeutic response, with the average course lasting 6 months [11] . The need for chronic therapy with minocycline is dependent on retained infected orthopedic hardware or the nature of rheumatoid arthritis and therefore often requires longer duration of therapy or, at times, indefinite therapy. The median duration of minocycline therapy before the development of hyperpigmentation in 2 separate rheumatoid arthritis studies was 9.1 [6] and 12 months [5] , which is comparable to our study. Of note, in a cohort of rheumatoid arthritis patients receiving chronic minocycline [5] , patients were started on 100 mg of minocycline daily, and of those who developed hyperpigmentation, 45% had had their dose increased to 200 mg daily after the first month. However, of those who did not develop hyperpigmentation, 75% had also increased their dose to 200 mg daily. This supports the notion that (1) the dose of minocycline is not the only factor to consider and that (2) underlying pathophysiology and patient comorbidities may also play a role in the development of minocycline-induced cutaneous hyperpigmentation.
Although the retrospective nature of this study prevented complete and accurate analysis of the resolution of minocycline-induced cutaneous hyperpigmentation, the results reported here support the concept that after cessation of therapy, hyperpigmentation may take a long time to resolve [7, 8] . In addition, aside from discontinuing minocycline therapy, there are limited options for the management of hyperpigmentation. Selective photothermolysis therapy with a variety of Q-switched lasers appears to be a promising therapeutic intervention, with at least 90% resolution achieved after multiple treatment sessions, as described in small case series or reports [12] [13] [14] [15] . However, insurance coverage for these procedures may be variable due to the cosmetic nature of the indication. The issues in reversing minocycline hyperpigmentation highlight the importance of appropriate counseling before initiating therapy.
This study identified a number of interesting risk factors, a number of which are most likely confounded or interrelated. For example, cardiovascular comorbidities and their related medications such as calcium channel blockers, both of which are associated with increased risk, may be interdependent. In addition, the presence of any of these risk factors may have influenced the approach to prescribing long-term minocycline suppression, with risk factors themselves as markers of increased cumulative doses or treatment duration. Conversely, factors associated with decreased risk may in fact be surrogates for decreased cumulative doses, decreased treatment duration, or medication noncompliance. There also may be an inherent pathophysiologic explanation for the propensity of patients with these risk factors to develop hyperpigmentation that this study cannot elucidate. Multivariate analysis and further investigation into the possible pathophysiologic bases of risk factors identified in this study would assist in clarifying the clinical relevance of these factors in the development or prevention of hyperpigmentation.
Some risk factors appear driven by pharmacokinetics. In particular, iron, associated with a decreased risk of hyperpigmentation in this study, is known to reduce the absorption of minocycline [16] . Multivitamin supplements were also associated with a decreased risk-it is interesting to note that a small animal study suggested that ascorbic acid may afford protection against hyperpigmentation via antioxidative effects [17] . In addition, the increased risk of hyperpigmentation associated with the presence of hepatic pathology may correlate with the inability to effectively metabolize minocycline.
Also of interest is the increased risk of hyperpigmentation in patients with vitamin D deficiency. The importance of vitamin D in systemic diseases and infections has been increasingly recognized, and there is evidence that vitamin D plays a therapeutic role in certain skin diseases [18] . Vitamin D has been shown to effect dermal cell proliferation, differentiation, collagen synthesis, and immune regulation [18] , but the exact mechanism by which its deficiency would contribute to minocycline-induced cutaneous hyperpigmentation is unknown. Likewise, whereas the deleterious effects of smoking on skin [19] and wound healing [20] are well studied, there is no straightforward hypothesis as to why the act of quitting smoking actually appears to increase the risk of developing hyperpigmentation. Additional in vivo studies would be needed to evaluate the compounded effects of minocycline and smoking, and the subsequent cessation of smoking, on skin.
This study has a number of limitations, most of which are inherent to its retrospective nature. Risk factors assessed were extracted from a retrospective review of the medical records. This may create a recall bias of risk factors in patients with minocycline-induced cutaneous hyperpigmentation. The true onset of hyperpigmentation is likely shorter than the 1.5 years reported here, because hyperpigmentation was often an incidental patient-or physician-reported finding at the time of scheduled follow-up appointment. This variability in when hyperpigmentation actually appeared versus when it was reported in the medical record may have also masked a seasonal effect. It is also possible that Type III hyperpigmentation was underreported, because this may be a less distinctive and recognized entity. More recent studies have suggested that hyperpigmentation may be duration-or dose-dependent based on the hyperpigmentation type. Localized pigmentation, as with Type I, appears to occur with no direct relation to duration or total cumulative dosage, whereas diffuse pigmentation, as with Types II and III, tends to occur in patients with prolonged duration of approximately 3 years and high total cumulative doses ranging from 130 to 144 g [1, 5] . Lastly, the demographics of the presented cohort, in particular the lack of racial diversity, may limit generalizability.
CONCLUSIONS
In conclusion, minocycline-induced hyperpigmentation in patients with orthopedic infections occurs frequently. Patients should be appropriately counseled and monitored throughout their treatment course.
